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required  disclaimer.  T  his  poster  presentation  may  be  submitted  for  exhibition  at  conference. 

2.  FACTS:  The  poster  presentation  titled  'The  Influenza  Virus  and  the  2009  IIIN1  Outbreak"  was 
submitted  by  Dr  Thomas  Gibbons  of  59  MDW/SGUVI..  Dr,  Gibbons  plans  to  present  this  poster 
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Gibbon  has  properly  included  it,  A  Public  Affairs  review  will  be  needed  if  it  has  not  already  been 
obtained.  'There  are  no  apparent  conflicts  of  interest  that  would  prohibit  presentation  of  this  information 
at  this  professional  meeting. 
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JER.  There  do  not  appear  to  be  any  conflicts  of  interest.  If  you  have  any  questions,  please  call  the 
undersigned  at  671-3362. 
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The  Influenza  Virus  and  the 
2009  H1N1  Outbreak 


Thomas.  F.  Gibbons,  Ph.D. 

Chief,  Laboratory  Services  Branch 
Clinical  Research  Division 
Wilford  Hall  Ambulatory  Surgical  Center 


The  views  expressed  are  those  of  the  presenter  and  do  not  reflect  the 
official  policy  of  the  Department  of  Defense  or  its  Components 


Overview 


“The  Story” 

Key  aspects  of  the  influenza  virus 

Laboratory  techniques  utilized  to  discover 
the  2009  H1N1  influenza  virus 

Laboratory  techniques  instrumental  to 
influenza  surveillance/vaccine  contents 


Video  depicting  USAF  “Epi  lab’s”  discovery  of 

H1N1 

April  1  2009  Video  team  comes  to  our 
lab  to  film  a  documentary  on  our  role 
with  respect  to  influenza  surveillance 

http://www.ndep.us/Tracking-the-Flu 


April  16  2009  “Found  a  weird  flu  virus 
today” . 
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USAFSAM  Influenza 
Surveillance  during 
the  off  season: 
April  2009  - 
October  2009 

By:  Thomas  F.  Gibbons,  Maj,  USAF, 

BSC  ,  PhD,  MT  (ASCP) 

Chief  Molecular  Diagnostics,  USAFSAM 


Influenza  virus  is  a  segmented  negative  stranded  RNA  virus  composed 
of  8  gene  segments  belonging  to  the  Orthomyxovindae  family.  Tiiree  types 
of  influenza  have  been  detected.  A.  B  and  C,  two  of  which  (A  and  B)  are  a 


http://www.safmls.org/societv  scope.html 


Volume  12,  Issue  3 
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Key  aspects  of  the  influenza  virus 


Types  of  influenza 

A,B,  and  C  (Epidemics  =  A  &B) 
Pandemics  =  A  only 


Shift  and  Drift 


1918  =  H1N1 
50,000,000  deaths 

1957  =  H2N2 
1,000,000  deaths 

1968  ■  H3N2 
500,000  deaths 


\ Annual  flu 

250,000  deaths 


2009  H1N1 


H5N1  annual 
25  -  75 
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Key  aspects  of  the  influenza  virus 

Influenza  Genome 
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Key  aspects  of  the  influenza  virus 


Nucleoprotein 
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Influenza 
Virus 
Anatomy 


Neuraminidase 

(Sialidase) 
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Hemagglutinin 


http://www.ncbi.nlm.nih.gov/genomes/FLU/ 


segment  1 
segment  2 
segment  3 
segment  4 
segment  5 
segment  6 
segment  7 
segment  8 


Key  aspects  of  the  influenza  virus 


Influenza  Life  Cycle 


Translation 


|**^**^  \Transcription 
mRNAs  l  Splicing  ; 


RNAV_^ 

Replication 


Virion 


Nucleus 


Ribosomes 


Golgi 

Apparatus 


Cel 


1:  Binding  and  entry 

2:  Release  of  vRNPs 

3:  RNA  replication 

4:  RNA  translation 

5:  Protein  transport 

6:  Viral  transport 

7:  Viral  budding  and  release 


http://www.ncbi.nlm.nih.gov/genomes/VIRUSES/virusreplication_schefne.html 


Key  laboratory  techniques  utilized  to  discover 

the  2009  H1N1  influenza  virus 


•  Lateral  Flow  assay 


•  Culture 

•  PCR 

•  Sequencing 


Nucleoprotein 
(RNA 


Influenza 

Virus 

Anatomy 


Lipid 
Envelope 

Figure  1 

Capsid 


—  Neuraminidase 
(Sialidase) 


Hemagglutinin 
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Key  laboratory  techniques  utilized  to  discover 

the  2009  H1N1  influenza  virus 


ACTTAATTCXA^GCXCTTlXiUUUlGAATrCAACAAATTAGAAAGGAGAATXGAGAACTriLWCfcLkAAAAAGTTGAXGAXGG 


C  C  CTCAAAGC  C  GAGATC  GCXC  AGAGACTTG  JUGATGTCTTTGCTGGAAAGMCAC  C  GA7CTTCAGGCTCTCATGGAXTGG 


CTTJOn'AGATXTlTTGGACATATAAXGtXGAXCTTlCTGGTTCTCCTH^UUUlTGAAiGXiCTn'GGATTTXCATGACrCAA 


CTAAAGAC AAGAC  CAATtCTGTCAC  CTCTG A  CTAA  CGGGATTTTG  G  C  Aimer  GTTC  k  C  GCTC  AC  C  GTGCCCA  GTGACC  G 


AXGTCAAGAAXCTGTATGAXAAA^AUAAXXCAACrrxAGCCATAAT&CTAAGGAXATGGGCAATGUri  GTTI CCAATTC 


AGGACTGCAGCCTAGACGCTTPTTC  CAAAATCC  C  rrXAATGGGAATGGGGATCCAAATAATATGGACAGAGCAGTTAAAC 


Wt  II  I  II  IINIIIIIIIIIll 

TGCATTTXAGXCCAOAATTTCXJCOOQQCQOwQwOOOCO( 
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lllllllllllllllllllllllllilllHIIIIIIIIIIIIII 
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S3  S 


A/New  York/2  2 1/200  3  H1N1 
A/Texas/UR06-001 2/2006  H1N1 
A/New  South  Wales/26/2000/Hl  N1 
A/Washington/AF06/2007/H1  N1 

_ _ AA/iet  Nam/1203/2004  H5N1 

A/fn(Jonesia/CDC595/2006/H5N1 
A/South  Australia/68/2000  H3N2 
A/New  yor/37/2003  H3N2 
A/New  york/923/2006  H3N2 
A/Kansas/UR07-0047/2008/H3N2 


TCCTTCTCGC  CAGC  ACTACA&CTAAGGrTATGGAGC  AAATOGCTGGATC  AAGTGAACAXGCAGCGGAGGC  C  ATGGAGJOT 

-T~  A/Sauth  Australra/ee/2000  H3N2 
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Nucleotide  Substitutions  (xlQO) 


6  4 

Nucleotide  Substitutions  (xlOO) 


SAFMLS.ORG  (presented  March  2009) 
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Key  laboratory  techniques  utilized  to  discover 

the  2009  H1N1  influenza  virus 


GACCAATCXTGTCACCTCTGACTAAGGGXATTTTAGGATTTGTGTTCACGCTCACCGTGCCCAGTGAGCGAGGACTGCAGCGTAGACGCTTTGTCCAAAATGCCCTXAATGG 
60 _ 170 _ 180 _ 190 _ 200  210 _ 220  230  240 


250 


2  60 


270 


GACCAATCTTGTCACCTCTGACTAAGGGAATTTTAGGATTTGTGTTCACGCTCACCGTGCCf  AOTOAGrO&GOACTGC 

JTAAGGGGATTTTAGGATTTGTGTTC ACGCTC ACC  GTGC  C  C  AGTG AGC  GAGG AC  TGC  AGC  GTAGACGC  TTTGTC  C  AAAATGC C  C  TT A ATGG 


G AC  C  AATCC TGTC  ACC TC  TG AC 


Matrix  Gene 


Hemagglutinin  Gene 


GXGCTATAAACAXCAGXCTXCCXTTXCAGAAXXTACAXCCXXTCACAATXGGAXAXTGTCCAAAXTATGTXAXXAGXXCAAAATTXAGXXTGGXXACAGGAXTXAGGAAXATCCCXTC 

920 _ 930 _ 940 _ 950 _ 960 _ 970 _ 9S0 _ 990 _ 1000 _ 1010 _ 1020  103  q 

Stc 


GCCACAGGATTGAGGAATATCCCG 


GTGCTATAAACACCAGCCTCCCATTTCAGAATATACATCCGATCACAATTGGAAAATGTCCAAAATATGTAAAAAGCACAAAATTGAGACTGj 

[jTTCCAGAACGTACACCCAGTCACAATAGGAGAGTGTCCAAAGTATGTCAGGAGTGCAAAATTAAGGATGGTTACAGGACTAAGGAACATCCCATC 


jAGC TATAAAC AGC  AGTC TTCC 
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Key  laboratory  techniques  utilized  to  discover 

the  2009  H1N1  influenza  virus 

A/California/04/2009  (H1N1) 


Duck  97.2%,  Human  96.8% 


PB2:  Swine  97.6%, 

PB1:  Swine  97.0%,  Turkey  96.6% 
PA:  Swine  96.0%,  Human  95.8% 
HA:  Swine  96.4%,  Turkey  96.2% 
NP:  Swine  97.8% 

NA:  Swine  93.6% 

MA:  Swine  98.2% 

NS:  Swine  95.6% 


What  is  the  swine  flu  like? 

blast  analysis  results  for  a  recent 
“Swine  Flu” 


Blast  results  say  “Swine” 

but  it  is  infecting  humans 


Blast  comparison  of  first  500  nucleotides  for  each  segment 
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Key  laboratory  techniques  utilized  to  discover 

the  2009  H1N1  influenza  virus 

A/Washington/AF06/2007  (H1N1) 


PB2:  Human  99.8% 
PB1:  Human  100% 
PA:  Human  99.6% 
HA:  Human  99.6% 
NP:  Human  99.6% 
NA:  Human  99.8% 
MA:  Human  100% 
NS:  Human  100% 


What  is  the  human  H1N1  flu  like? 

blast  analysis  results  for  one  of  the 
recent  “Human  Flu” 


Blast  comparison  of  first  500  nucleotides  for  each  segment 
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Key  laboratory  techniques  utilized  to  discover 

the  2009  H1N1  influenza  virus 


Gene  by  gene  comparison  of  “Swine”  H1N1  with  “Human”  H1N1 


A/California/04/2009 

%  Homology 

A/Washington/AF06/2007 

PB2 

82.7% 

PB2 

PB1 

80.4% 

PB1 

PA 

82.4% 

PA 

HA 

75.9% 

HA 

NP 

84.2% 

NP 

NA 

78.0% 

NA 

MP 

87.4% 

MP 

NS 

81.7% 

NS  14 

Key  laboratory  techniques  utilized  to  discover 

the  2009  H1N1  influenza  virus 


Phylogenetic  Tree 


Out  of  the  over  400  human  HI ’s  USAFSAM 
sequenced  this  season  no  specimen  has  had  less 
than  a  98.2%  homology  with  respect  to  the  HA1 
region  of  HA 


A.SouthCarolina. 251 0.200 
A.Georgia. 271 2.2009 
A. Oklahoma. 2508. 2009 
A.SouthDakota.2572.2009 
A. Texas. 2564. 2009 
A.SouthDakota.2606.2009 
A.SouthDakota. 2609. 2009 


A. Texas. 2550. 2009 
-  A.SouthDakota.2526.200! 


Swine  H1N1  has  about  73%  homology  with 
respect  to  the  current  vaccine  for  HI  N1  (anything 
below  97%  is  a  preliminary  predictive  factor  for  a 
strain  that  the  vaccine  will  not  protect  against) 


rT 


u  A.Texas. 2497. 2009 
A. Oklahoma. 2528. 2009 
A.Oklahoma. 2696. 2009 
L_|  A.Mississippi. 2652. 2009 
'  A. Iraq. 2626.2009 
A.  Japan.261 0.2009 
*—"•  A.SouthCarolina. 2587.200 


73%  homology  to  A/Brisbane/59/2007 


A. Missouri. 2548 
A.Brisbane.59.2007 

_ —  A.New  Caledonia, 20. 1999 

- A.Beijing.262.95 

A. California. 04. 2009  4 
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Amino  Acid  Substitutions  (xlOO) 


Key  laboratory  techniques  instrumental  to 
influenza  surveillance/vaccine  contents 

•  Contents  of  the  annual  Flu  Vaccine 

-  It  is  recommended  that  trivalent  vaccines  for  use  in 
the  2016-2017  northern  hemisphere  influenza 
season  contain: 

-A/California/7/2009  (H1N1)pdm09-like  virus; 

-A/Hong  Kong/4801/2014  (H3N2)-like  virus; 

-  B/Brisbane/60/2008-like  virus. 

-  It  is  recommended  that  quadrivalent  vaccines 
containing  two  influenza  B  viruses  contain  the  above 
three  viruses  and  a  B/Phuket/3073/201 3-like  virus 
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Key  laboratory  techniques  instrumental  to 
influenza  surveillance/vaccine  contents 


Host  of  origin  ^geographic  location  of  first  isolation/ 

strain 

number, 

'year  of  isolation 

A/lNew  York/|ll/2003 


(H3N2) 


A7chickenjflndonesiaylR132-134j03 


(By  convention,  the  host  of  origin  of  human  strains  is  not 
included! 
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Key  laboratory  techniques  instrumental  to 
influenza  surveillance/vaccine  contents 

•  Shot  Versus  Flu  Mist 

•  How  does  Tamiflu  work 

•  Sequencing  HA 

-  Culture,  HAI,  PCR,  Serology 
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HA  1  of  HA 


CD 


HA  1  of  HA 


o 

txi 


HA  1  of  HA 


CM 


Surveillance  for  a  new 

Virus 

A/North  Carolina  5-475/2010:  PS. 2%  overall  HA1  amino  acid  homology 


V4"E  (valina  to  alntamic  acid) 
PS3S  (prolina  to  sarins) _ 

D?~N'  (aspartic  acic  to  asparaaina) 
S203T  (serine  to  threonine) 
M257V  (methionine  to  valina) 
I321V(iiolencine  to  valina) 


203 


Built  using  first  approach  mode  in  Swiss  Model.  Utilized  amino  acids  from 
vaccine  strain  and  viewed  in  Swiss-PdbViewer  with  amino  acids  differing  from 
vaccine  strain  color  coded  red 


2015-2016  Report  4  Influenza  A(HlNl)pdm09 
HA  Phylogenetic  Analysis 
Figure  1 
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2015-2016  Report  4  Influenza  A{H3N2) 
HA  Phylogenetic  Analysis 
Figure  2 
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